1. Euglossine bees (Apidae: Euglossini) have long been hypothesized to act as long-25 distance pollinators of many low-density tropical plants. We tested this hypothesis by 26 analyzing gene flow and genetic structure within and among populations of the 27 euglossine bee-pollinated vine Dalechampia scandens. 28 2. Using microsatellite markers, we assessed historical gene flow by quantifying 29 regional-scale genetic structure and isolation by distance among 18 populations, and 30 contemporary gene flow by estimating recent migration rates among populations. To 31 assess bee-mediated pollen dispersal on a smaller scale, we conducted paternity 32 analyses within a focal population, and quantified within-population spatial genetic 33 structure in four populations.
Introduction 45 In light of ongoing pollinator declines (Vamosi et al., 2006; Potts et al., 2010 ; Gonzalez-Varo 46 et al., 2013), it is of great importance to understand the contribution of different kinds of pollinators to gene flow and genetic structuring of plant populations. Animal pollination is intensively for additional populations. Still, there are surely un-sampled populations which 143 might act as stepping-stones for (multi-generational) gene flow among the study populations. 144 Most populations occurred in scrublands or forest edges along gravel roads. Populations were 145 generally small, ranging from less than five to approximately 100 flowering patches (Table 1) . 146 We collected leaves from all patches we could locate in small populations, and from ca. 15-20 147 patches in larger populations. The position of each patch was recorded with a handheld GPS 148 receiver. If two clearly separate patches had the same coordinates, we estimated the between-149 patch distance in the field and manually adjusted the coordinates. Leaves were stored 150 individually in paper envelopes and dried in silica gel. Between-population distances ranged 151 from 1.8 km to 157 km, and the median distance between neighbouring populations was 8.4 152 km (mean = 11.7 km, range = 1.8 km -36.5 km). 153 Microsatellite genotyping 154 DNA extraction and PCR amplification followed the procedures described in Falahati- Among-population differentiation and isolation by distance 175 The distribution of genetic variation in the study area was assessed by global and pairwise 176 G´ST values, computed with GenAlEx 6.5. G´ST takes values between 0 and 1, and is a 177 standardized measure of genetic differentiation that corrects for the high allelic diversity 178 commonly observed at microsatellite loci (Hedrick, 2005) . To facilitate comparison with 179 previous studies, we also computed conventional GST values. To assess the relationship 180 between geographic distance and genetic differentiation (isolation by distance), we regressed 181 pairwise G´ST/(1-G´ST) ratios on the natural logarithm of geographic distances between 182 populations (Rousset, 1997) . A neighbour-joining tree based on Nei's genetic distance was 183 constructed with Populations 1.2.31.
184
The genetic structure of the study populations was further assessed using the Bayesian 185 clustering algorithm implemented in STRUCTURE 2.3.3 (Pritchard et al., 2000; Falush et al., 186 2003). We initially ran 5 replicate MCMC runs for K (number of genetic clusters) ranging 187 from 1 to 15 under the admixture model with allele frequencies assumed to be correlated 188 across populations (assuming independent allele frequencies yielded similar results), and no 189 prior information about sampling localities. Each chain ran for 100 000 iterations following 190 50 000 iterations as burnin. The initial analysis indicated that the number of genetic clusters 191 was approximately 10, and we subsequently ran 10 replicate runs for K ranging from 6 to 15. Paternity analyses 205 To investigate pollen flow between patches within populations, paternity analyses were 206 conducted in the S8 population using the maximum-likelihood approach implemented in 207 CERVUS 3.07 (Marshall et al., 1998; Kalinowski et al., 2007) . For the initial power 208 simulation (establishment of critical Δ values), we set the proportion of candidate fathers 209 sampled to 0.75 and the selfing rate to 0.51. The proportion of candidate fathers sampled was 210 a crude guess based on field observations, while the selfing rate was set equal to the estimated 211 selfing rate for the population (Opedal et al., 2016) . Strict and relaxed confidence levels were 212 set to 95% and 80%, respectively. In the paternity analyses, we included the maternal 213 genotypes and tested for selfing. In four cases where maternal and offspring genotypes 214 mismatched, we took the conservative approach of treating the mother as unknown (these 215 mismatches were most likely due to sampling fruits from different mothers within a patch).
216
Within-population genetic structure 217 Within-population spatial genetic structure (i.e. the decrease in relatedness between plants 218 with increasing geographic distance) was assessed in four populations (S1, S2, S8 and S21) 219 where genotype data were available for approximately 20 patches, which we considered a 220 minimum sample size for this analysis. Pairwise kinship coefficients were computed in 221 SPAGEDI 1.5 (Hardy & Vekemans, 2002) , using the estimator of Ritland (1996) , which has 222 been shown to perform well for microsatellite data (Vekemans & Hardy, 2004) . To quantify 223 spatial genetic structure, we split the pairwise distances between patches into 10 distance Table 1 ), and the level of inbreeding was moderate 243 to high (mean FIS = 0.26, range = -0.20 -0.58, Table 1 ).
244
Among-population genetic structure 245 More than half of the genetic variation in the study region occurred among populations Table S1 ). When we regressed G´ST/ (1-248 G´ST) ratios on the logarithm of geographic distance, we found a weak pattern of isolation by 
252
The STRUCTURE analysis suggested that the samples belonged to at least eleven 253 genetic clusters (the posterior probability of the data increased with increasing K, reaching an 254 asymptote at K = 11 clusters). The assignment of populations to clusters remained similar for 255 values of K near 11. Populations assigned to the same genetic cluster were generally close 256 geographically ( Fig. 2 ), suggesting localized gene flow. The distance between populations 257 assigned to the same cluster ranged from 1.8 to 13.0 km (median = 6.97 km, the cluster 258 comprising the S6 and S7 populations was excluded because it was unstable across 259 STRUCTURE runs).
260
Recent migration rates 261 The strong genetic isolation of most populations was confirmed by the fact that most recent-262 migration-rate estimates were very low (Fig. 4) , and all non-zero migration rates detected 263 were unidirectional. The two highest estimated migration rates were detected from population 264 S8 to S9 (separated by 5.5 km), and from S20 to S19 (separated by 3.3 km). The genetic 265 connectivity of these two population pairs was further supported by the two lowest pairwise Within-population spatial genetic structure 292 Average kinship coefficients decreased significantly with increasing between-patch distance 293 in all four populations considered, with the strength of spatial genetic structure (Sp statistic) 294 ranging from 0.024 to 0.084 (Table 2) . we found that gene flow appears to occur between certain nearby populations of the 300 euglossine-bee pollinated vine Dalechampia scandens. However, we also found that the 301 geographic distance between populations explained a very limited proportion of the genetic 302 differentiation at the regional scale. Furthermore, pollen movement within a focal population 303 was strongly biased towards nearby plants, resulting in small-scale spatial genetic structure. 304 Overall, these findings are consistent with recent studies reporting locally restricted gene flow (Janzen, 1971 ). Nevertheless, there 308 were a few exceptions to the overall pattern, suggesting that medium-to long-distance gene 309 flow occurs between certain populations within continuous blocks of forest. In contrast, no signal of gene flow was detected between these populations and three 336 populations located on roadsides within agricultural areas just outside Palo Verde (S1, S2, and 337 S7), which were also assigned to different genetic clusters (Fig. 2) . Although patches of plants 338 occur also between these populations, it seems that bees travel more rarely to patches outside 339 the continuous forest block in Palo Verde. Similarly, genetic connectivity appeared to be high 340 between the S19 and S20 populations, two small populations separated by 3.3 km and almost Separating between these possibilities would require direct studies of bee movement, or 364 comparative population-genetic studies of plants and bees.
365
Within the S8 population, we detected a limited number of between-patch pollination 366 events. This was partly because about half the offspring produced in the population were most 367 likely selfed, automatically reducing the opportunity for pollen flow both within and into the 368 population. Still, euglossine or megachilid bees occasionally moved pollen over distances 369 large enough to maintain genetic connectivity within the population. Indeed, the within-370 population estimate should be treated as a conservative estimate of average between-patch 371 pollination distances, because the among-population analyses suggested that rare long-372 distance pollination events occur in this system. Pollination events between plants separated 373 by hundreds of metres or even kilometres appear also to occur in other species with strong- 4.50 ± 0.19 23 271 -0.024 ± 0.008 0.012 ± 0.021 0.024 Anther-stigma distances (ASD) were measured in the field. n is the number of patches sampled. blog is the slope of the regression of average pairwise kinship coefficients on the logarithm of between-patch distance. F(1) is the average kinship coefficient of neighbouring patches, and Sp is calculated as -blog(1-F[1]) -1 . 
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